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Attorney Docket No.: S 166 

METHODS OF TREATING DIABETES AND RELATED DISORDERS 
USING PDEIOA INHIBITORS 

FIELD OF THE INVENTION 

1001 ] The invention relates to methods of treating diabetes and related disorders by administering 
a compound that inhibits PDE lOA. 

BACKGROUND 

(002] Diabetes is characterized by impaired glucose metabolism manifesting itself among other 
things by an elevated blood glucose level in the diabetic patient. Underlying defects lead to a 
classification of diabetes into two major groups: type 1 and type 2. Type 1 diabetes, or insulin 
dependent diabetes mellitus (IDDM)» arises when patients lack insulin-producing P-ceils in their 
pancreatic glands. Type 2 diabetes, or non-insulin dependent diabetes mellitus (NIDDM), occurs 
in patients with impaired P-cell function and alterations in insulin action. 

[003] The current treatment for type 1 diabetic patients is (he injection of insulin, while the 
majority of type 2 diabetic patients are treated with agents that stimulate p-cell function or with 
agents that enhance the tissue sensitivity of the patients towards insulin. The drugs presently used 
to treat type 2 diabetes include alpha-glucosidase inhibitors, insulin sensitizers^ insulin 
secretagogues, metformin, and insulin. 

[004) Over time, more than one-thurd of all type 2 diabetic subjects lose their response to oral 
agents. Insulin treatment is instituted after diet, exercise, and oral medications have failed to 
adequately control blood glucose. The drawbacks of insulin treatment include, for example, the 
need for drug injection, the potential for hypoglycemia, and weight gain. 

|00S] Another strategy for diabetes therapy is based on the cyclic adenosine monophosphate 
(cAMP) signaling mechanism and its effects on insulin secretion. Metabolism of glucose 
promotes the closure of ATP-dq>endent channels, which leads to cell depolarization and 
subsequent opening of Ca^ channels. This in turn results in the exocytosis of insulin granules. 
cAMP is a major regulator of glucose-stimulated insulin secretion. The effect of cAMP is, 
however, glucose-dependent, that is, cAMP has little if any effects on insulin secretion at low 
glucose concentrations (Weinhaus, et al., Diabetes 47:1426-1435, 1998). The effects of cAMP on 
insulin secretion are thought to be mediated by a protein kinase A pathway. 

[006] Endogenous secretagogues utUize the cAMP system to regulate insulin secretion in a 
glucose-dependent fashion (Komatsu, et al.. Diabetes 46:1928-1938, 1997). Examples of such 



endogenous secretagogues include pituitary adenylate cyclase activating peptide (PACAP), 
vasoactive intestinal polypeptide (VIP), and glucagon-like peptide-1 (GLP-I) 

(007] PACAP is a potent stimulator of glucose^lependent insulin secretion finom pancreatic 
cells. Three different PACAP receptor types (Rl , R2, and R3) have been described (Hannar, et 
al.» Pharmacol. Reviews 50:265-270, 1998). The insulinotropic action of PACAP is mediated by 
the GTP binding protein Gs. Accumulation of intracellular cAMP in turn activates nonselective 
cation channels in p-cell$ increasing [Ca^], and promoting the exocytosis of insulin-containing 
secretoiy granules. 

(008| Vasoactive intestinal peptide (VIP) is a 28 amino acid peptide that was first isolated fiom 
hog upper small intestine (Said and Mutt, Science 169:1217-1218, 1970; U.S. Patent No« 
3,879,371). The biological effects of VIP are mediated by the activation of membrane-bound 
receptor proteins that are coupled to the intracellular cAMP signaling system. 

[009| GLP-1 is released fiom the intestinal L-cell after a meal and functions as an incretin 
honnone (i.e., it potentiates glucose-induced insulin release from the pancreatic p-ccll). It is a 37- 
amino acid peptide that is difGarentially expressed by the glucagon gene, dq)ending upon tissue 
type. The clinical data that support the beneficial effect of raising cAMP levels in P-cells have 
been demonstrated with GLP-1. Infusions of GLP-1 in pooriy controlled type 2 diabetics 
nonnaiized their fasting blood glucose levels (Gutniak, et al.. New Eng. J. Med. 326:1316-1322, 
1992) and with longer infusions improved the p-cell fimction as compared to normal subjects 
(Rachman, et al., EMabetes 45:1524-1530, 1996). A recent report has shown that GLP-1 improves 
the ability of p-cells to respond to glucose in subjects with impaired glucose tolerance (Byrne, et 
al., Diabetes 47: 1259-1265, 1998). 

[010] The use of such endogenous secretagogues to treat type 2 diabetes also has some 
drawbacks. For instance, the peptidyl nature of these compounds requires that they be 
administered by injection. Additionally, the effects of the endogenous secretagogues are short- 
lived because of the short half-life of the pqptides. 

1011] Because of the problems with current treatments, new therapies to treat type 2 diabetes are 
needed In particular, new treatments to maintain normal (glucose-dependent) insulin secretion are 
needed. Such new drugs should have the following characteristics: 1) dependency on ghicose for 
promoting insulin secretion, that is, compounds that stimulate insulin secretion only in the 
presence of elevated blood glucose and therefim, low probability for hypoglycemia; 2) low 
primary and secondary failure rates; and 3) preservation of islet cell function. 
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[012) The present invcnlion provides a novel treatment for diabetes and related disorders by 
focusing on regulation of the cAMP signaling system by inhibition of phosphodiesterase lOA 
(PDEIOA). Phosphodiesterases (PDEs) are a family of cAMP and/or cGMP-hydrolyzing enzymes 
that cleave 3\5 •-cyclic nucleotide monophosphates to 5*-nucleotide monophosphates. PDEs are 
known to be involved in the regulation of the cAMP system. Specifically, PDEIOA is a 
phosphodiesterase that hydrolyses cAMP and cGMP with K^, values of approximately 0.1-7 jiM 
(Fujishige, et al., J. Bio.Chem. 274 (26): 18438- 18445, 1999; Soderling,et al,, PNAS. 96:7071- 
7076, 1999; Loughney,etal,, Gene. 234:109-117, 1999). At least three splice variants of PDEIOA 
have been described that are identical in their C-terminal catalytic domains, but differ in the size of 
the N-tcrminal portion of the molecule (Kotera, et al, Biochem. Biophy. Res. Comm. 26 1 :55 1 - 
557, 1999; Fujishige. et al., Eur. J. Biochem. 267:5943-5951, 2000). 

(0131 Thus, by inhibiting PDEIOA activity, intracellular levels of cAMP are increased thereby 
increasing the release of insulin-containing secretory granules and therefore, increasing insulin 
secretion. The present invention, therefore, provides a novel treatment for diabetes and related 
disorders, that is, the administration of a PDEIOA inhibitor. 



Sl]MMARY OF THE INVENTION 

[0141 The present invention relates to methods of treating diabetes, particularly type 2 diabetes, in 
a manunal by administering an effective amount of a PDEIOA inhibitor. Other methods of the 
invention relate to treatment of other disorders related to diabetes, such as Syndrome X, impaired 
glucose tolerance, and impaired fasting glucose, by administering a PDEIOA inhibitor. In 
addition, the present invention relates to methods of treating type 1 diabetes, gestational diabetes, 
maturity-onset diabetes of the young (MODY), latent autoimmune diabetes adult (LADA), and 
associated diabetic dyslipidemia and other diabetic complications, as well as hyperglycemia, 
hyperinsulinemia, dyslipidemia, hypertriglyceridemia, and insulin resistance. 

[0151 The invention further relates to methods of stimulating insulin release from pancreatic cells 

in a manmial by administering an efiFective amount of a PDEIOA inhibitor. This method of insulin 

release may be in response to an elevation of the concentration of glucose in the blood of a 

mammal. In methods of the invention, the PDEIOA inhibitor may also be administered in 

conjunction with other diab^es therapies, such as alpha-glucosidase inhibitors (e.g., acarbose), 

insulin sensitizers (e.g., thiazolidinediones), compounds that reduce hepatic glucose output (e.g., 

metformin), insulin secretagogues (e.g., sulfonylureas), p-3 agonists, and insulin. Furthermore, the 

PDEIOA inhibitor may be administered in conjunction with one or more weight reduction agents, 

such as Xenical. Meridia, p-3 agonists, or a CB-1 antagonist. Finally, in another embodiment, 

3 



methods of the invention provide for the administration of a PDEIOA inhibitor in combination 
with an HMG-CoA reductase inhibitor, nicotinic acid, a bile acid sequestrant, a fibric add 
derivative, or an antihypertensive drug. 

[01 6| In other methods of the invention, a PDEIOA inhibitor may be administered for the 
treatment of dementia or a urogenital tract disorder. Urogenital tract disorders include, but are not 
limited to, incontinence, stress incontinence, benign prostatic hyperplasia, erectile dysfunction, 
female sexual dysfunction, and hypertrophy of prostate. In other methods of the invention, a 
PDEIOA inhibitor may be administered for the treatment of a cardiovascular disorder, such as 
hypertension, ischemic heart disease, myocardial infarction, stable and unstable angina, peripheral 
occlusive disease, and ischemic stroke. 

|017) The present invention therefore provides methods for the treatment of diabetes by inhibition 
of PDEIOA through the administration of a PDEIOA inhibitor. These and other aspects of the 
invention will be more apparent finom the following drawings, description and claims. 

DETAILED DESC3UFnON OF THE INVENTION 

[018] Methods of the invention provide for the treatment of diabetes and related disoiders, 
particularly type 2 diabetes, and/or stimulation of insulin release from pancreatic cells, by the 
administration of a PDEIOA inhibitor. Such methods provide for treatment of any condition in 
which glucose is elevated in the fasting or post-prandial state, by administration of a PDEIOA 
inhibitor. PDEIOA has be«i identified in islets of Langerfaans. PDEIOA hydrolysescAMP to 
AMP and thereby decreases intracellular concentrations of cAMP. By inhibiting PDEIOA activity, 
intracellular levels of cAMP are increased thereby increasing the release of insulin-containing 
secretory granules and therefore, increasing insulin secretion. Also as described herein, a PDEIOA 
inhibitor may be administered for the treatment of dementia, cardiovascular disease, or urogenital 
tract disorders. 

Methods of Treatm^t 

(0191 Methods of the invention may be used to treat diseases, such as diabetes, including both 
type 1 and type 2 diabetes. Such methods may also delay the onset of diabetes and diabetic 
complications. Other diseases and conditions that may be treated ot prevented using methods of 
the invention include: Maturity-Onset Diabetes of the Young (MODY) (Hennan, et al.. Diabetes 
43:40. 1994), Latent Autoimmune Diabetes Adult (LADA) (Zimmet, ct al., Diabetes Med. 1 1 :299, 
1994). impaired glucose tolerance (IGT) (Expert Committee on Classification of Diabetes 
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Mellitus, Diabetes Care 22 (Supp. 1):S5, 1999). impaired fasting glucose (ffG) (Charles, et al., 
Diabetes 40:796, 1991). gestational diabetes (Mctzger, Diabetes, 40: 197. 1991), and metabolic 
Syndrome X. 

|020| Methods of the invention may also be used to tfeat secondary causes of diabetes (Expert 
Committee on Classification of Diabetes Mellitus, Diabetes Care 22 (Supp. 1):S5. 1999). Such 
secondary causes include glucocorticoid excess, growth hormone excess, pheochromocytoma. and 
drug-induced diabetes. Drugs that may induce diabetes include, but are not limited to, pyriminil, 
nicotinic acid, glucocorticoids, phenytoin, thyroid hormone, p-adrenergic agents, o-interferon, and 
drugs used to treat HTV infection. 

[021] cAMP-mediated release of insulin is also dependent on the presence of stimulatory glucose 
concentrations. A method of the invention further relates to stimulating insulin release fiom islet 
cells by the administration of a PDEIOA inhibitor. Glucose-dependent stimulation of insulin 
secretion with non-peptide compounds therefore, lowers blood glucose concentrations without 
causing hypoglycemia. 

(022| The methods of the present invention may be used alone or in combination with additional 
therapies and/or compounds known to those skilled in the art in the treatment of diab^es and 
related disorders. Alternatively, a PDEIOA inhibitor may be used partially or completely, in 
combination therapy. 

[023] A PDEIOA inhibitor may also be administered in combination with other known therapies 
for the treatment of diabetes, includmg PPAR agonists, sulfonylurea drugs, non-sulfonylurea 
secreta^gues, a-gHucosidase inhibitors, insulin sensitizera, insulin secretagogues. hqiatic glucose 
output lowering compounds, and insulin. Such therapies may be administered prior to. 
concurrently, or following administration of the PDEIOA inhibitor. Insulin includes both long and 
short acting forms and formulations of insulin. PPAR agonists may include agonists of any of the 
PPAR subtypes or combinations thereof. For example, PPAR agonists may include agonists of 
PPAR-o. PPAR-y, PPAR-5, or any combination of two or three of the PPAR subtypes. PPAR 
agonists include, for example, rosiglitazone and pioglitazone. Sulfonylurea drugs include, for 
example, glyburide, glimepiride, chloipropamide. and glipizide, a-glucosidase inhibitors that may 
be useful in treating diabetes when administered with a PDEIOA inhibitor include acarbose, 
Miglitol®, and Voglibose™. hisulin sensitizers that may be useful in treating diabetes when 
administered with a PDEIOA inhibitor include thiazolidinediones and non-thiazolidinediones. 
Hepatic glucose output lowering compounds that may be useful in treating diabetes when 
administered with a PDEIOA inhibitor include metformin, such as Glucophage® and 
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Gtucophage®XR. Insulin secretagogues that may be useful in treating diab^es when 
administered with a PDEIOA inhibitor include sulfonylurea and non-sulfonylurea drugs, for 
example, GLP-1, GIP, PACATAC receptor agonists, secretin, nateglinide, meglitinide, 
repaglinide, glibenclamide, glimepiride. chloipropamtde» and glipizide. GLP-I includes 
derivatives of GLP-1 with longer halMives than native GLP-I, such as, for example, fatty-acid 
derivatized GLP-1 and Exendin™. In one embodiment of the invention, a PDEIOA inhibitor is 
used in combination with insulin secretagogues to increase the sensitivity of pancreatic P-cells to 
the insulin secretagogue. 

[0241 A PDEIOA inhibitor may be used in combination with anti-obesity drugs. Anti-obesity 
drugs include p-3 agomsts, CB-1 antagonists, appetite suppressants, such as, for example, 
sibutramine (Meridia®), and lipase inhibitors, such as, for example, oriistat (Xenical®). 

I025I A PDEIOA inhibitor may also be used in combination with drugs commonly used to treat 
lipid disorders in diabetic patients. Such drugs include, but are not limited to, HMG-CoA 
reductase inhibitors, nicotinic acid, bile acid sequestrants. and fibric acid derivatives. Methods of 
the invention may also be used in combination with anti-hypertensive drugs, such as, for example, 
p4)lockers and ACE inhibitors. 

1026] Such co-therapies may be administered in any combination of two or moie drugs (e.g., a 
PDEIOA inhibitor in combination with an insulin sensitizer and an anti-obesity drug). Such co- 
therapies may be administered in the form of pharmaceutical compositions, as described below. 

[0271 Other methods of the invention relate to administration of a PDEIOA inhibitor for the 
treatment of dementia (Shimamoto, et al.. Mechanisms of Aging Development 5 (4):241-250, 
1976; Nicholson, et al.. Trend Pharmacol. Sci, 12 (l):19-27, 1991). 

10281 Still further methods of the invention relate to treatment of urogenital tract disorders by the 
administration of a PDEIOA inhibitor. Such urogenital tract disorders include, but are not limited 
to, incontinence, stress incontinence, benign prostatic hypeiplasia, erectile dysfunction, female 
sexual dysfiinction (including female sexual arousal disoider), and hypertrophy of prostate 
(Ballard, et al., J. Urology 159 (6):2 164-21 71, 1998). 

[0291 Other methods of the invention relate to administration of a PDEIOA inhibitor to treat 
cardiovascular disorders, such as hypertension, ischemic heart disease, myocardial infarction, 
stable and unstable angina, peripheral occlusive disease, and ischemic stroke. Expression of 
PDEIO can be detected in the heart (Lougjmey, et al., Gene. 234: 109-1 17, 1999; Kotera, et al., 
Biochem. Biophy. Res. Comm. 261 :55 1-557, 1999). and cGMP and cAMP are important second 
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messengers that are involved in the regulation of vascular smooth muscle tone. The PDEIO 
family comprises enzymes that arc responsible for the degradation of c AMP and cGMP in various 
tissues (Fujishige, et al., J. Bio.Chem. 274 (26): 1 8438-1 8445, 1999). The activation of soluble and 
membrane bound guanylate cyclases leads to increased intracellular cGMP levels and induces 
vasodilation. The stimulation of various G protein-coupled receptors (GPCRs) which are 
expressed in vascular smooth muscle cells (e.g., adrenomedullin and CGRP recq)tors) induces the 
activation of adenylate cyclases, generation of intracellular cAMP, and produces vasodilation. 
3*,5'-cycIic nucleotide phosphodiesteiases (PDEs) catalyze the hydrolysis of 3\5*-cyclic 
nucleotides to their respective nucleoside S*-monophosphates. Thus, PDEIOA likely plays a lole 
in the cardiovascular system. 

Pharmaceutical Compositions 

[030] As used herein, various terms are defined below. 

1031] When introducing elements of the present invention or the preferred embodiment(s) thereof, 
the articles "a." "an,** *1he,** and "said" are intended to mean that there are one or more of the 
elements. The terms "comprising," "including," and "having^ * are intended to be inclusive and 
mean that there may be additional elements other than the listed elements. 

1032] The term "subject" as used herein includes mammals (e.g., humans and animals). 

|033] The term "treatment'' includes any process, action, application, therapy, or the like, wherein 
a subject, including a human being, is provided medical aid with the object of improving the 
subject's condition, directly or indirecUy, or slowing the progression of a condition or disorder in 
the subject. 

(034) The term "combination therapy" or "co-therapy*' means the administration of two or more 
therapeutic agents to treat a diabetic condition and/or disorder. Such administration encompasses 
co-administration of two or more therapeutic agents in a substantially simultaneous manner, such 
as in a single capsule having a fixed ratio of active ingredients or in multiple, separate capsules for 
each inhibitor agent. In addition, such administration encompasses use of each type of therapeutic 
agent in a sequential manner. 

1035] The phrase **therapeutically effective" means the amount of each agent administered that 
will achieve the goal of improvement in a diabetic condition or disorder severity, while avoiding or 
minimizing adverse side effects associated with the given therapeutic treatment. 

[0361 The term "pharmaceutically acceptable" means that the subject item is appropriate for use in 
a pharmaceutical product. 
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1037] Based on well known assays used to detennine the efTtcacy for treatment of conditions 
identified above in mammals, and by comparison of these results with the results of known 
medicaments that are used to treat these conditions, the effective dosage of PDEIO tnhibitoi<8) can 
readily be determined for treatment of each desired indication* The amount of the active 
ingredient (e.g., PDEIO inhibitor) to be administered in the treatment of one of these conditions 
can vary widely according to such considerations as the particular compound and dosage unit 
employed, the mode of administration, the period of treatment, the age and sex of the patient 
treated, and the nature and extent of the condition treated. 

(0381 PDEIOA inhibitor(s) for use in methods of the invention may be administered as compound 
per se. Alternatively, PDEIOA inhibitor(s) may be administered with an acceptable carrier in the 
form of a pharmaceutical composition. The pharmaceutically acceptable carrier must be 
compatible with the other ingredients of the composition and must not be intolerably del^erious to 
the recipient. The carrier can be a solid or a liquid, or both, and preferably is formulated with the 
compound as a unit-dose composition, for example, a tablet, which can contain from about 0.05% 
to about 95% by weight of the active compound(s) based on a total weight of the dosage form. 
Other pharmacologically active substances can also be present, including other compounds useful 
in the treatment of a diabetic condition. 

1039] PDEIOA inhibitor(s) for use in methods of the present invention may be administered by 
any suitable route, preferably in the form of a pharmaceutical composition adapted to such a route, 
and in a therapeutically effective dose for the treatment intended. The PDEIOA inhibitor(s) may, 
for example, be administered orally, sublingually, nasally, puhnonaiy, mucosally, parraterally, 
intravasculariy, intraperitoneally, subcutaneously, intramuscularly or topically. Unit dose 
formulations, particularly orally administrable unit dose formulations such as tablets or capsules, 
generally contain, for example, from about 0.001 to about 500 mg, preferably from about 0.005 mg 
to about 100 mg, and more preferably from about 0.01 to about 50 mg, of the active ingredient. In 
the case of pharmaceutically accq>table salts, the weights indicated above for the active ingredient 
refer to the weight of the pharmaceutically active ion derived from the salt. 

[040] Of course, the specific initial and continuing dosage regimen to prevent, treat, give relief 
from, or ameliorate a diabetic condition or disorder, or to otherwise protect against or treat a 
diabetic condition for each patient will vary according to the nature and severity of the condition as 
determined by the attending diagnostician, the activity of the specific PDEIOA inhibitor employed, 
the age of the patient, the diet of the patient, time of administration, route of administration, rate of 
excretion of the drug, drug combinations, pharmacological considerations such as the activity, 
efficacy, pharmacokinetics and toxicology profiles of the particular PDEIOA inhibitor employed, 
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whether a drug delivery system is utilized, and whether the PDEIOA inhibitor is administered with 
other active ingredients, and the like. The desired mode of treatment and number of doses of a 
PDEIOA inhibitor may be ascertained by those stalled in the ait using conventional treatment tests. 

(041] The PDEIOA inhibitoi<8) may be utilized to achieve the desired phanodacological effect by 
administration to a patient in need thereof in an appropriately formulated pharmaceutical 
composition. A patient* for the purpose of this invention, is a mammal, including a human, in need 
of treatment for a particular condition or disease. Therefore, the present invention includes 
pharmaceutical compositions which are comprised of a phannaceutically acceptable carrier and a 
therapeutically effective amount of the PDEIOA inhibitor(8). A pharmaceutically acceptable 
carrier is any carrier which is relatively non-toxic and innocuous to a patient at concentrations 
consistent with effective activity of the active ingredient so that any side effects ascribable to the 
carrier do not vitiate the beneficial effects of the active ingredient. The PDEIOA inhibitor<s) may 
be administered with a pharmaceutically-acceptable carrier using any effective conventional 
dosage unit forms, including, for example, immediate and timed release preparations, orally, 
parenterally, topically, or the like. 

(0421 For oral administration, the PDEIOA inhibitor(s) may be formulated into solid or liquid 
preparations such as, for example, capsules, pills, tablets, troches, lozenges, melts, powders, 
solutions, pastes, syrups, suspensions, or emulsions, and may be prepared according to methods 
known to the art for the manufacture of pharmaceutical compositions. The solid unit dosage forms 
may be a capsule which can be of the ordinary hard- or sofl-shelled gelatin type containing, for 
example, surfactants, hibricants, and inert fillers such as lactose, sucrose, calcium phosphate, and 
com starch. The pharmaceutical composition is preferably made in the form of a dosage unit 
containing a particular amount of the active ingredient. 

(0431 The PDEIOA inhibitor(s) may be tableted with conventional tablet bases such as lactose, 
sucrose, and cornstarch in combination with binders such as acacia, cornstarch, or gelatin; 
disintegrating agents intended to assist the break-up and dissolution of the tablet following 
administration such as potato starch, alginic acid, com starch, and guar gum; lubricants intended to 
improve the flow of tablet granulation and to prevent the adhesion of tablet material to the surfaces 
of the tablet dies and punches, for example, talc, stearic acid, or magnesium, calcium or zinc 
stearate; dyes; coloring agents; and flavoring agents intended to enhance the aesthetic qualities of 
the tablets and make them more acceptable to the patient. Suitable excipients for use in oral liquid 
dosage forms include diluents such as water and alcohols, for example, ethanol, benzyl alcohol, 
and polyethylene alcohols, either with or without the addition of a pharmaceutically acceptable 
surfectant, suspending agent, or emulsifying agent. Various other materials may be present as 
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coatings or to otherwise modify the physical form of the dosage wiit For instance tablets, pills or 
capsules may be coated with shellac, sugar or both. 

1044) Dispersible powders and {granules are suitable for the preparation of an aqueous suspension. 
They provide the active ingredient in admixture with a dispersing or wetting agent, a suspending 
agent, and one or more preservatives. Suitable dispersing or wetting agents and suspending agents 
are exemplified by those already mentioned above. Additional excipients, for example, those 
sweetening, flavoring and coloring agents described above, may also be present. 

(CM5| The pharmaceutical compositions of this invention may also be in the form of oil-in-water 
emulsions. The oily phase may be a vegetable oil such as liquid paraffin or a mixture of veg^ble 
oils. Suitable emulsifying agents may be (1) naturally occurring gums such as gum acacia and 
gum tragacanth, (2) naturally occurring phosphatides such as soy bean and lecithin, (3) esters or 
partial esters derived from fatty acids and hexitol anhydrides, for example, sorbitan monooleate, 
and (4) condensation products of said partial esters with ethylene oxide, for example, 
polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and flavoring 
agents. 

1046] Oily suspensions may be formulated by suspending the active ingredient in a vegetable oil 
such as, for example, arachis oil, olive oil, sesame oil, or coconut oil; or in a mineral oil such as 
liquid parafiBn. The oily suspensions may contain a thickening agent such as, for example, 
beeswax, hard paraffin, or cetyl alcohol. The suspensions may also contain one or more 
preservatives, for example, ethyl or /i-propyl p^hydroxybenzoate; one or more coloring agents; one 
or more flavoring agents; and one or more sweetening agents such as sucrose or saccharin. 

[047] Syrups and elixirs may be formulated with sweetening agents such as, for example, 
glycerol, propylene glycol, soiUtol, or sucrose. Such fonnulations may also contain a demulcent, 
and preservative, flavoring and coloring agents. 

[048] Oral delivery of the PDEIOA inhibitor(s) can include fonnulations well known in the art to 
provide immediate delivery or prolonged or sustained delivery of a drug to the gastrointestinal 
tract by any number of mechanisms. Immediate delivery formulations include, but are not limited 
to, oral solutions, oral suspensions, fast-dissolving tablets or capsules, sublingual tablets, 
disintegrating tablets and the like. Prolonged or sustained delivery fonnulations include, but are 
not limited to, pH sensitive release of the active ingredient from the dosage form based on the 
changing pH of the smalt intestine, slow erosion of a tablet or capsule, retention in the stomach 
based on the physical properties of the formulation, bioadhesion of the dosage form to the mucosal 
lining of the intestinal tract, or enzymatic release of the active drug from the dosage form. The 
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intended effect i$ to extend the time period over which an active drug molecule is delivered to the 
site of action by manipulation of the dosage form. Thus, enteric-coated and enteric-coated 
controlled release formulations may be used in methods of the present invention. Suitable enteric 
coatings include cellulose acetate phthalate, polyvinylacetatc phthalate, hydroxypropylmethyl- 
cellulose phthalate and anionic polymers of methaciylic acid and methaciylic acid methyl ester. 

[049] Pharmaceutical compositions can be prepared by any suitable method of phaimacy, which 
includes the stq> of bringing into association, the PDEIOA inhibitors) and the carrier (which can 
constitute one or more accessory ingredients). In general, the compositions are prepared by 
uniformly and intimately admixing the PDEIOA inhibitor(s) with a liquid or finely divided solid 
carrier, or both, and then, if necessary, shaping the product. For example, a tablet can be prepared 
by compressing or molding a powder or granules of the inhibitors, optionally with one or more 
accessoiy ingredients. Compressed tablets can be prepared by compressing, in a suitable machine, 
the compound in a free-flowing form, such as a powder or granules optionally mixed with a 
binder, lubricant, inert diluent and/or surface active/dispersing agent(s). Molded tablets can be 
made, for example, by moldmg the powdered compound in a suitable machine. 

[050] Liquid dosage forms for oral administration can include pharmaceutically acceptable 
emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly used in 
the art, such as water. Such compositions may also comprise adjuvants, such as wetting agents, 
emulsifying and suspending agents, and sweetening, flavoring, and perfuming agents. 

[051] Pharmaceutical compositions suitable for buccal (sub-lingual) administration include 
lozenges comprising a PDEIOA inhibitor in a flavored base, usually sucrose, and acacia or 
tragacanth, and pastilles comprising the inhibitors in an inert base such as gelatin and glycerin or 
sucrose and acacia. 

1052] The PDEIOA inhibitor(s) may also be administered parenterally, that is, subcutaneously, 
intravenously, intramuscularly, or interperitoneally, as injectable dosages of the compound in a 
physiologically acceptable diluent with a pharmaceutical carrier which may be a sterile liquid or 
mixture of liquids such as water, saline, aqueous dextrose and related sugar solutions; an alcohol 
such as cthanol, isopropanol, or hexadecyl alcohol; glycols such as propylene glycol or 
polyethylene glycol; glycerol ketals such as 2,2Klimethyl-l,l-dioxolane-4-methanol, ethers such as 
poly(ethylcneglycol) 400; an oil; a fatty acid; a fatty acid ester or glyceride; or an acetylated fatty 
acid glyceride with or without the addition of a pharmaceutically acceptable surfactant such as a 
soap or a detergent, suspending agent such as pectin, carbomers, methycellulose. 
hydroxypropyhnethylcellulose, or carboxymethylcellulose, or emulsifying agent and other 
pharmaceutical adjuvants. 

11 
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I0S3I Illustrative of oils which can be used in the parenteral fomulations of this invention are 
those of petroleum, animal, vegetable, or synthetic origin, for example, peanut oil, soybean oil, 
sesame oil, cottonseed oil, corn oil, olive oil, petrolatum, and mineral oiL Suitable fiitty acids 
include oleic acid, stearic acid, and isostearic acid. Suitable fatty acid esters are, for example, 
ethyl oleate and isopropyl myristate. Suitable soaps mclude fatty alkali metal, ammonium, and 
triethanolaminc salts and suitable detergents include cationic detergents, for example, dimethyl 
dialkyl ammonium halides, alkyi pyridinium halides, and alkylamine acetates; anionic detergents, 
for example, alkyl, aryl, and olefm sulfonates, alkyl, olefm, ether, and monoglyceride sulfates, and 
sulfosuocinates; nonionic detergents, for example, fatty amine oxides, fatty acid alkanolamidcs, 
and polyoxycthylcnepolypropylene copolymers; and amphoteric drtergents. for example, alkyl- 
beta<aminopropionates, and 2-alkylimidazoline quartemary ammonium salts, as well as mixtures. 

iOS4J The parenteral compositions of this invention may typically contain from about 0,5% to 
about 25% by weight of the active ingredient in solution. Preservatives and buffers may also be 
used advantageously. In order to minimize or eliminate inritation at the site of injection, such 
compositions may contain a non-ionic surfactant having a hydrophile-lipophile balance (HLB) of 
from about 12 to about 17. The quantity of surfactant in such formulation ranges from about 5% 
to about 1 5% by weight. The surfactant can be a single component having the above HLB or can 
be a mixture of two or more components having the desired HLB. 

1055] Illustrative of surfactants used in parenteral formulations are the class of polyethylene 
sorbitan fatty acid esters, for example, sorbitan monooleate and the high molecular weight adducts 
of ethylene oxide with a hydrophobic base, fonned by the condensation of propylene oxide with 
propylene glycol. 

10561 The pharmaceutical compositions may be in the form of sterile injectable aqueous 
suspensions. Such suspensions may be fonnulated according to known methods using suitable 
dispersing or wetting agents and suspending agents such as, for example, sodium 
caiboxymethylcellulose, methylcellulose, hydroxypropyhnethyl-cellulose, sodium alginate, 
polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents which may be 
a naturally occurring phosphatide such as lecithin, a condensation product of an alkylene oxide 
with a fatty acid, for example, polyoxyethylene stearate, a condensation product of ethylene oxide 
with a long chain aliphatic alcohol, for example, heptadecaethyleneoxycetanol, a condensation 
product of ethylene oxide with a partial ester derived form a fetty acid and a hexitol such as 
polyoxyethylene soibitol monooleate, or a condensation product of an ethylene oxide with a partial 
estw* derived from a fatty acid and a hexitol anhydride, for example polyoxyethylene sorbitan 
monooleate. 
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1057] The sterile injectable preparatioa may also be a sterile injectable solution or suspension in a 
non-toxic parenterally acceptable diluent or solvent. Diluents and solvents that may be employed 
are, for example, water. Ringer's solution, and isotonic sodium chloride solution. In addition, 
sterile fixed oils are conventionally employed as solvents or suspending media. For this purpose, 
any bland, fixed oil may be employed including synthetic mono or diglyccridcs. In addition, fatty 
acids such as oleic acid may be used in the prq>aration of injectables. 

1058] A composition of the invention may also be administered in the form of suppositories for 
rectal administration of the drug. These compositions may be prepared by mixing the drug (e.g., 
PDEIOA inhibitor) with a suitable non-irritation excipient which is solid at ordinary temperatures 
but liquid at the rectal temperature and will therefore melt in the rectum to release the drug. Such 
material are, for example, cocoa butter and polyethylene glycol. 

[059] Another formulation employed in the methods of the present invention employs transdermal 
deliveiy devices C'patches*^. Such transdermal patches may be used to provide continuous or 
discontinuous infusion of the compounds of the present invention in controlled amounts. The 
construction and use of transdermal patches for the delivery of pharmaceutical agents is well 
known in the art (see, e.g., U.S. Patent No. 5,023,252, incorporated herein by reference). Such 
patches may be constructed for continuous, pulsatile, or on demand delivery of pharmaceutical 
agents. 

[060] It may be desirable or necessary to introduce the pharmaceutical composition to the patient 
via a mechanical delivery device. The construction and use of mechanical delivery devices for the 
delivery of pharmaceutical agents is well known in the art. For example, direct techniques for 
administering a drug directly to the brain usually involve placement of a drug delivery catheter 
into the patient's ventricular system to bypass the blood-brain barrier. One such implantable 
delivery system, used for the transport of agents to specific anatomical regions of the body, is 
described in U.S. Patent No. 5,01 1,472, incorporated herein by reference. 

[061] The compositions of the invention may also contain other conventional phannaceutically 
acceptable compounding ingredients, generally referred to as carriers or diluents, as necessary or 
desired. Any of the compositions of this invention may be preserved by the addition of an 
antioxidant such as ascoibic acid or by other suitable preservatives. Conventional procedures for 
preparing such compositions in appropriate dosage forms can be utilized. 

[062] Commonly used pharmaceutical ingredients which may be used as qspropriate to formulate 
the composition for its intended route of administration include: acidifying agents, for example, 
but are not limited to, acetic acid, citric acid, fiimaric acid, hydrochloric acid, nitric acid; and 
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alkalinizing agents such as, but are not limited to, ammonia solutiout ammonium caibonate, 
diethanolamtne, monoethanolamine» potassium hydroxide, sodium borate, sodium carbonate, 
sodium hydroxide, triethanolamine, trolamine. 

|0S3] Other pharmaceutical ingredients include, for example, but are not limited to, adsorbents 

(eg., powdered cellulose and activated charcoal); aerosol propellants (eg., carbon dioxide, CCI2F2, 

F2CIC-CCIF2 and CCIF3); air displacement agents (e.g., nibrogen and argon); antifungal 

preservatives (e.g., benzoic acid, butylparaben, ethylparaben, methylparaben, propylparaben, 

sodium benzoate); antimicrobial preservatives (e.g., benzallconium chloride, benzethonium 

chloride, benzyl alcohol, cetylpyridinium chloride, chlorobutanol, phenol, phenylethyl alcohol, 

phenyhnercuric nitrate and thimerosal); antioxidants (e.g., ascorbic acid, ascorbyl pahnitate, 

butylated hydroxyanisole, butylated hydroxytoluene, hypophosphorus acid, monothioglycerol, 

propyl gallate, sodium ascorbate, sodium bisulfite, sodium formaldehyde sulfoxylate, sodium 

metabisulfite); binding materials (e.g., block polymers, natural and synthetic rubber, polyacrylates, 

polyurethanes, silicones and styrene-butadiene copolymers); buffering agents (e.g., potassium 

metapbosphate, potassixmi phosphate monobasic, sodium acetate, sodiimi citrate anhydrous and 

sodium citrate dihydrate); carrying agents (e.g., acacia syrup, aromatic syrup, aromatic elixir, 

cherry syrup, cocoa syrup, orange syrup, syrup, com oil, mineral oil, peanut oil, sesame oil, 

bacteriostatic sodium chloride injection and bacteriostatic water for injection); chelating agents 

(e.g., edeCate disodium and edetic add); colorants (e.g., FD&C Red No. 3, FD&C Red No. 20, 

FD&C Yellow No. 6, FD&C Blue No. 2, D&C Green No. 5, D&C Oran^ No. 5, D&C Red No. 8, 

caramel and ferric oxide red); clarifying agents (e.g., bemonite); emulsifying agents (but are not 

limited to, acacia, cetomacrogol, cetyl alcohol, glycol monostearate, lecithin, sorbitan 

monooleate, polyethylene SO stearate); encapsulating agents (e.g., gelatin and cellulose acetate 

phthalate); flavorants (e.g., anise oil, cinnamon oil, cocoa, menthol, orange oil, peppermint oU and 

vanillin); humectants (e.g., ^ycerin, propylene glycol and sorbitol); levigating agents (e.g., 

nuneral oil and glycerin); oils (e.g., arachis oil, mineral oil, olive oil, peanut oil, sesame oil and 

vegetable oil); ointment bases (e.g., lanolin, hydrophilic ointment, polyethylene glycol ointmoit, 

petrolatum, hydrophilic petrolatum, white ointment, yellow ointment, and rose water ointment); 

penetration enhancers (transdermal delivery) (e.g., monohydroxy or polyhydroxy alcohols, 

saturated or unsaturated fatty alcohols, saturated or unsaturated fatty esters, saturated or 

unsaturated dicarboxylic acids, essential oils, phosphatidyl derivatives, cephalin, terpenes, amides, 

ethers, ketones and ureas); plasticizers (e.g., diethyl phthalate and glycerin); solvents (e.g., alcohol, 

com oil, cottonseed oil, glycerin, isopropyl alcohol, mineral oil, oleic acid, peanut oil, purified 

water, water for injection, sterile water for injection and sterile water for irrigation); stiffening 

agents (e.g., cetyl alcohol, c^l esters wax, microcrystalline wax, parafiBn, stearyl alcohol, white 
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wax and yellow wax); suppositoiy bases (e.g., cocoa butter and polyethylene glycols (mixtures)); 
surfactants (e.g., benzalkonsum chloride, nonoxynol 10, oxtoxynol 9, polysorbate 80, sodium 
lauryl sulfate and sorbitan monopabnitate); suspending agents (e.g., agar, bentonite, carbomers, 
caiboxymcthylcellulosc sodium, hydroxyethyl cellulose, hydroxypropyl cellulose, hydioxypropyl 
methylcellulose, kaolin, methylcellulose, tragacanth and veegum); swe^ening e.g., aspartame, 
dextrose, glycerin, mannitol, propylene glycol, saccharin sodium, sorbitol and sucrose); tablet anti* 
adherents (e.g., magnesium stearate and talc); tablet binders (e.g., acacia, alginic acid, 
carboxymethylcellulose sodium, compressible sugar, ethylcellulose, gelatin, liquid glucose, 
methylcellulose, povidone and pregelatinized starch); tablet and capsule diluents (e.g., dibasic 
calcium phosphate, kaolin, lactose, mannitol, microcrystalline cellulose, powdered cellulose, 
precipitated calcium carbonate, sodium carbonate, sodium phosphate, sorbitol and starch); tablet 
coating agents (e.g., liquid glucose, hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose, methylcellulose, ethylcellulose, cellulose acetate phtbalate and 
shellac); tablet direct compression excipients (e.g., dibasic calcium phosphate); tablet disint^grants 
(e.g., alginic acid, carboxymethylcellulose calcium, microcrystalline cellulose, polacriUin 
potassium, sodium alginate, sodium starch glycollate and starch); tablet glidants (e.g., colloidal 
silica, com starch and talc); tablet lubricants (e.g., calcium stearate, magnesium stearate, mineral 
oil, stearic acid and zinc stearate); tablet/capsule opaquants (e.g., titanium dioxide); tablet 
polishing agents (e.g., camuba wax and white wax); thickening agents (e.g., beeswax, cetyl alcohol 
and paraffin); tonicity agents (e.g., dextrose and sodium chloride); viscosity increasing a^nts 
(e.g., alginic acid, bentonite, carbomers, carboxymethylcellulose sodium, methylcellulose, 
povidone, sodium alginate and tragacanth); and wetting agents (e.g., heptadecaethylene 
oxycetanol, lecithins, polyethylene sorbitol monooleate, polyoxyethylene sorbitol monooleate, and 
polyoxyethylene stearate). 

[064] Dosage levels of the PDEIOA inhibitors for use in methods of this invention typically are 
bom about 0.001 mg to about 10,000 mg daily, preferably from about O.OOS mg to about 1,000 mg 
daily. On the basis of mg^ daily dose, either given in a single or divided doses, dosages 
typically range from about 0.001/75 mg/kg to about 10,000/75 mg^g, preferably from about 
0.005/75 mg/kg to about 1.000/75 mg/kg. 

[065] The total daily dose of each inhibitor can be administered to the patient in a single dose, or 
in multiple subdoses. Typically, subdoses can t>e administered two to six times per day, preferably 
two to four times per day, and even more preferably two to three times per day. Doses can be in 
immediate release form or sustained release form sufficiently effective to obtain the desired 
control over the diabetic condition. 
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|066| The PDEIOA inhibitors) may be administered as the sole phannaoeutical agent or in 
combination with one or more other phannaoeutical agents where the combination causes no 
unacceptable adverse efTects. For example, the PDEIOA inhibitor(8) can be combined with known 
anti-obesity, or with known antidiabetic or other indication agents, and the like, as well as with 
admixtures and combinations thereof. 

[0671 'Hie PDEIOA inhibitor(s) may also be utilized in compositions, in research and diagnostics, 
or as analytical reference standards, and die like. Therefore, the present invention includes 
compositions which are comprised of an inert carrier and an effective amount of the PDEIOA 
inhibitor(s). An inert carrier is any material which does not interact with a compound to be carried 
and which lends support, means of conveyance, bulk, traceable material, and the like to the 
compound to be carried. An effective amount of compound is that amount which produces a result 
or exerts an influence on the particular procedure being performed. 

1068] A PDEIOA inhibitor for use in methods of the invention may also be administered as the 
pharmaceutically acceptable salt, protected acid, conjugate acid, tautomer, prodrug or stereoisomer 
of a compound found to inhibit the activity of PDEIOA. Tautomers include, for example, hydroxy 
tautomers. Protected acids include, but are not limited to, protected acids such as esters, 
hydroxyamino derivatives, amides and sulfonamides. Formation of prodrugs is well known in the 
art in order to enhance the properties of the parent compound; such properties include solubility, 
absorption, biostability and release tune (see "Pharmaceutical Dosage Form and Drug Delivery 
Systems'" (Sixth Edition), edited by Ansel et a!., publ. by Williams & Wilkins, pgs. 27-29, (1995) 
which is hereby iiicoi3)orated by reference). Commonly used prodrugs are designed to take 
advantage of the major drug biotransformation reactions and are also to be considered within the 
scope of the invention. Major drug biotransformation reactions include N-dealkylation, O- 
dealkylation, aliphatic hydroxylation, aromatic hydroxylation, N-oxidation, S-oxidation, 
deamination, hydrolysis reactions, glucuronidation, sul&tion and acetylation (see Goodman and 
Gilman's The Pharmacological Basis of Therapeutics (Ninth Edition), editor Molinoff et al., publ. 
by McGraw-Hill, pages 11-13, (1996), which is hereby incorporated by refermce). 

[069] Besides being useful for human treatment, administration of a PDEIOA inhibitor may also 
be useful for veterinary treatments of companion animals (e.g., horses, dogs, cats, etcX exotic 
animals and farm animals. Even though the invention is described in terms of human biology, it is 
understood by those of ordinary skill in the art that the present invention is applicable to other 
mammals as well. 



[070] Formulations suitable for subcutaneous, intravenous, intramuscular, and the like; suitable 
pharmaceutical carriers; and techniques for formulation and administration may be prepared by 
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any of the methods well known in the ait (see, eg.. Remington's Phannaceutical Sciences. Mack 
Publishing Co., Easton, Pa., 20* edition, 2000). 

[0711 The following examples are presented to illustrate the invention described herein, but 
should not be construed as limiting the scope of the invention in any way. 

10721 Capsule Formulation 

A capsule formula is prepared from: 

PDEIOA inhibitor 10 mg 

Starch 109 mg 

Magnesium stearate I mg 

The components are blended, passed through an appropriate mesh sieve, and filled into hard 
gelatin capsules. 

1073] Tablet Formulation 

A tablet is prepared from: 

PDEIOA inhibitor 25 mg 

CeUttlose, microcrystaline 200 mg 

Colloidal silicon dioxide 10 mg 

Stearic acid S.O mg 

The ingredients are mixed and compressed to form tablets. Appropriate aqueous and non-aqueous 
coatings may be applied to increase palatability, improve elegance and stability or delay 
absorption. 

[074] SterUe IV Solution 

A mg^mL solution of the PDEIOA inhibitor is made using sterile, injectable water, and the pH is 
adjusted if necessary. The solution is diluted for administration with sterile 5% dextrose and is 
administered as an IV infusion. 

[075] Intramuscular suspension 

The following intramuscular suspension is prepared: 
PDEIOA inhibitor SO |ig/mL 
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Sodium carboxymelhylcellulose 



Smg^mL 



TWEEN80 



4mg^mL 



Sodium chloride 



9mg/mL 



Benzyl alcohol 



9m^mL 



The suspension is administered inliamuscularly. 
(076] Hard Shell Capsules 

A large number of unit capsules are prepared by filling standard two-piece hard galantine capsules 
each with powdered active ingredient, I SO mg of lactose, SO mg of cellulose, and 6 mg of 
magnesium stearate. 

[0771 Soft Gelatin Capsales 

A mixture of active ingredient in a digestible oil such as soybean oil, cottonseed oil. or olive oil is 
prepared and injected by means of a positive displacement pump into molten gelatin to form soft 
gelatin capsules containing the active ingredient. The capsules are washed and dried. The active 
ingredient can be dissolved in a mixture of polyethylene glycol, glycerin and sorbitol to prepare a 
water miscible medicine mix. 

[078] Immediate Release Tablets/Capsules 

These are solid oral dosage forms made by conventional and novel processes. These units are 
taken orally without water for immediate dissolution and delivery of the medication. The active 
ingredient is mixed in a liquid containing ingredient such as sugar, gelatin, pectin, and sweeteners. 
These liquids are solidified into solid tablets or capias by fipeeze drying and solid state extraction 
techniques. The drug compounds may be compressed with viscoelastic and thermoelastic sug;ars 
and polymers or effervescent components to produce porous matrices intended for immediate 
release, without the need of water. 

(079] It should be apparent to one of ordinary skill in the art that changes and modifications can 
be made to this invention without dq>arting from the spirit or scope of the invention as it is set 
forth herein. 
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EXAMPLES 

Eipresslon ProflliDg 

QuantltaUve PCR expression analysis 

[080| The expression of PDEIOA in INS-IE (44) cell-line and dispersed islets was verified by 
PCR. 

RNA extraction and cDNA preparation 

1081) Total RNA forTaqMan quantitative analysis was extracted firom cells according to the 
vendor protocol that utilizes RNeasy protocol for isolation of total RNA fiom animal cells 
(Qiagen, Valencia, CA). 

1082) RNA (100 fig) was treated with DNase I using RNase fm-DNase (Qiagen, Valencia, CA). 
Aftor elution and quantitation on an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, 
CA), each sample was reverse transcribed using the Superscript n First Strand Synthesis System 
for RT-PCR according to the vendor protocol (Invitrogen, Carlsbad, CA). The final concentration 
of RNA in the reaction mix was 50 ng/fiL. 

TaqMan quantitative analysis 

[083] Specific primers and probes were designed according to Applied Biosystems (Foster City, 
CA) Assays-By- Design service and are listed below: 

TaqMan primer sequences: 

PDEIOA- forwaid primer 5XCAGATCCTCCCACCCACAGA)-3* 
PDEiOa - reverse primer: 5*<rCGAATTACCTTCTCCCACTGATT>3* 
PDElOa - probe: 5'-(FAM)-(TGCAGGGATAACCTC) (MGB).3* 

where FAM = 6-caxboxy-fluorescein and MGB = minor groove binder. The expected length of the 
PCR product was 75 bp. 

[084] Quantitation experiments were performed on reverse transcribed RNA (25 ng) fifom each 
sample. Ribosomal RNA (18S) was measured as a control using the Pre-Developed TaqjMan Assay 
Reagents (PDAR) (Applied Biosystems, Foster City, CA). 
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[08S| The assay reaction mix was as follows: 



TaqMan Universal PGR Master Mix (2x) 
PDAR control - 18S RNA (20x) 
Forward primer 
Reverse primer 
Probe 



final 
Ix 



Ix 



300 nM 



300 nM 



200 nM 



cDNA 



25 ng 
lo25tiL 



Water 



10861 PCRwn<BtiQn$; 

One cycle: 2 minutes at SO^C 

10 minutes at SS^'C 
40 cycles: IS seconds at 9yC 

1 minute at 60^C 

|087| The experiment was performed on an ABI Prism 7700 Sequence Detector (Applied 
Biosystems, Foster City, CA). At the end of the run, fluorescace data acquired during PGR were 
processed as described in the ABI Prism 7700 user*s manual. 

(088] Table 1 shows the PDEIOA and 18S housekeeping CT values using the primer 
combinations described above. The CT value is the threshold cycle which product fluorescence 
rises above background. CT values >3S indicate the gene is not expressed; CT values of 30 to 3S 
indicate low expression of the gene; CT values of 25 to 30 indicate expression; and CT values <2S 
indicate high expressioiL Data presented in Table 1 is representative of three determinations. As 
shown in Table 1, PDEIOA is expressed in the INS-IE (44) cell-line and dispersed islet cells. 
E^qpression of PDEIOA in islet cells indicates that PDEIOA may have a role in regulating insulin 
release/blood glucose concentrations. NTC» no template control. 
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1089) TABLE 1 



Sanpic Name 


PDEIOA 
(CD 


18S 

(CI) 


INS-1(E44) 


24.56 


14.27 


Dispefsed islets 


29.51 


17.1 


NTC 


40 


39.44 



PDBIOA inhlNUon ass<^ 

(090| Test compounds and PDEIOA en2yme in assay buffer are added to 96-well whitewall/clear 
bottom isoplates (Wallac). The reaction is initiated by the addition of 'H-c AMP (Amersham) or 
^-cOMP (Amersham). Following a 45-minute incubation at room temperature, the reaction is 
stopped by the addition of SPA yttrium silicate beads (Amersham). The samples are incubated for 
an additional 30 minutes, and the plates are read in the Microbeta (Wallac) for 30 seconds in the 
SPA mode. Data may be expressed as a percentage of control. To measure PDE2»PDE3A» 
PDE4B, and PDEl OA activity, 3H-cAMP may be used as a substrate; and to measure PDES 
activity, 3H-cGMP may be used as a substrate. 

INS-IE (44) cell assig; 

[091] The INS-1 cell line was isolated fivmi an x-ray induced rat insulinoma (Asfari, et al., 
Endocrinol. 130: 167, 1992). When maintained in the presence of p-mercaptoedianol, these cells 
retain many of the characteristics of islet P-cdis in situ. That is, these cells secrete insulin in 
response to physiologically relevant glucose concentrations with an ECSO of 6 mM glucose 
(Hohmeier, et al., Diabetes 49:424, 2002). These cells also secrete insulin in response to multiple 
known secretagogues, including agents that elevate intracellular cANfP, nuUients other than 
glucose, and KCl. This demonstrates that the cells retain many of the signaling pathways that are 
involved in the insulin secretory response and as such are suitable for identifying compounds that 
affect these pathways. 

1092] INS4E (44) cells, a subclone of INS-IE cells, m cultured on 96-well Biocoat Collagen I 
Celiware (Becton Dickinson), in RPNO growth media containing 10% FBS, 50 fi- 



ll 



meicaptoethaiiol, and 1 1 mM glucose. The cells are starved for 48 hours in medium containing 3 
mM glucose prior to insulin secretion studies. 

1093] For assaying insulinotropic compounds, the INS-IE (44) cells are pre-incubated in Krebs- 
Ringer bicarbonate HEPES buffer (KRBH) containing 3 mM glucose for 30 minutes. The cells are 
then transfened to KRBH containmg the test compounds and 7 mM glucose, and incubated for an 
additional 2 hours. The media is then assayed for insulin content using, for example, a SPA assay. 

Dispersed islet assay 

(0941 Dispersed pa ncreatic islet isolation . Lean rats (male Sprague-Dawley, 200-2S0 g) are 
anesthetized with nembutal (60 mg/kg, i.p.) and the abdomen opened to expose the liver and 
pancreas. The pancreas is distended by mjection of Hank's solution into the bile duct, and then the 
pancreas is excised and minced with scissors while in Hank's solution. After rinsing the tissue 
with buffer, the pancreas is digested for 10 minutes with coUag^ase, rinsed, and the islets 
separated fiom debris on a FicoU gradient. The isolated islet fraction is then rinsed with buffer, 
incubated with EDTA for 8 minutes, followed by incubation with trypsin and DNAase I for an 
additional 10 minutes. The dispersed islets are transferred to culture media containiiig 8 mM 
glucose, seeded in *'V-bottom*' 96-well plates (2,500 cells per well), and cultured overnight. 

(095] For assaying insulinotropic compounds, the dispersed islets are pre-incubated in 3 mM 
glucose for 30 mmutes. The islets are then transferred to media containing 8 mM glucose, test 
compounds, and 0.3 uM forskolin; and incubated for an additional 30 minutes. The media is then 
assayed for insulin content using, for example, a SPA assay. 

In vivo assay 

[096] Lean rats (male Wistar, 250 - 300 g) are fasted overnight and divided into two groups: 
vehicle and compound treatment (8 rats per group). Vehicle or compound is administrated via oral 
gavage (1 .5 mL/rat). Two hours lat^, a glucose solution (30%, 2 g/kg body weight) is injected 
intraperitoneally. Tail blood samples are collected at 0, 15, 30, and 60-minute time points after the 
glucose injection to measure blood glucose using Glucometer (Bayer Diagnostics, Mishawaka, 
IN). 

[097] Compounds identified in the PDEIOA inhibition assay described above and tested in the 
islet assay described above are anticipated to have a blood glucose lowering effect when tested in 
this assay. 
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[098| All publications and patents mentioned in the above specification are incorporated herein by 
reference. Variotis modifications and variations of the described methods of the invention will be 
apparent to those skilled in the art without departing finom the scope and spirit of the invention. 
Although the invention has been described in connection with specific preferred embodiments, it 
should be understood that the invention as claimed should not be unduly limited to sudi specific 
embodiments. Indeed, various modifications of the abovoKiescribed modes for canying out the 
invention which are obvious to those skilled in the field of diabetes or related fields are intended to 
be within the scope of the following claims. Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many equivalents to the specific 
embodiments of the invention described herein. Such equivalents are intended to be encompassed 
by the following claims. 
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Claims 



What is claimed is: 

1 . A method of treating or preventing a disease or condition selected from the group consisting 
of diabetes, maturity-onset diabetes of the young (MODY), latent autoimmune diabetes adult 
(LADA), impaired glucose tolerance (IGT), impaired fasting glucose (IPG)» gestational 
diabetes, and metabolic syndrome X, comprising administering to a mammal an effective 
amount of a PDEIOA inhibitor. 

2. The method of claim 1 , wherein diabetes is type 2 diabetes. 

3. The method of claim 1 > further comprising administering a PPAR agonist, an insulin 
sensitizer, a sulfonylurea, an insulin secretagogue, a hepatic glucose output lowering 
compound, an a- glucosidase inhibitor, or insulin in combination with said PDBIOA 
inhibitor 

4. The method of claim 3, wherein said PPAR agonist is selected from rosiglitazone and 
pioglitazone. 

5. The method of claim 3, wherein said sulfonylurea is selected from glibenclamide^ 
gUmepiride, chlorpropamide, and glipizide. 

6. The method of claim 3, whmin said insulin secretagogue is selected from GLP-1 , GIP, 
PACA^AC receptor agonists, secretin, nateglinide, megUtinide, repaglinide, gUbenclamide, 
gUmepiride, chlorpropamide, and glipizide. 

7. The method of claim 3, wherein said a-glucosidase inhibitor is selected from acaibose, 
migUtol, and voglibose. 

8. The method of claim 3, wherein said hqsatic glucose output lowering conq>ound is 
metformto. 

9. The method of claim 1, further comprising administering an HMG-CoA reductase inhibitor, 
nicotinic acid, a bile acid sequestrant, a fibric acid derivative, antihypertensive drug, or an 

anti- obesity drug in combination with said PDEIOA inhibitor. 

10. The method of claim 9, wherein said anti-obesity drug is selected fitmi a P-3 agonist, a CB*1 
antagonist, and a lipase inhibitor. 
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11. A method of treating or preventing secondary causes of diabetes selected from 
glucocorticoid excess, growth hormone excess, pheochromocytoma, and drug-induced diabetes, 
comprising administering to a mammal an effective amount of a PDEIOA inhibitor. 

12. A method of increasing the sensitivity of pancreatic P-cells to an msulin secretagogue, 
comprising adnunistering to a maounal an effective amount of a PDEIOA inhibitor. 

13. The method of claim 12» wherein said insulin secretagogue is selected from OLP-1, GIP, 
PAC/VPAC receptor agonists, secretin, nateglinide, meglitinide, repaglinide, glibenclamide, 
glimepiride, chloipropamide, and glipizide. 

14. A method of treating or preventing dementia, comprising administering to a mammal an 
effective amount of a PDEIOA inhibitor. 

1 5. A method of treating or preventing a cardiovascular disorder selected from hypertension, 
ischemic heart disease, myocardial infiuction, stable and unstable angina, peripheral 

occlusive disease and ischemic stroke, comprising administering to a mammal an effective 
amount of a PDEIOA inhibitor. 

16. A method of treating or preventing a urogenital tract disorder selected from incontinence, 
stress incontinence, benign prostatic hyperplasia, erectile dysfunction, female sexual 
dysfunction, and prostatic hypertrophy, comprising administering to a mammal an effective 
amount of a PDEIOA inhibitor. 

1 7. The method of claim 16, wherein said fenaale sexual dysfunction is female sexual arousal 
disorder. 



25 



ABSTRACT 



Methods of the inventioo relate to the treatment of diabetes, particularly type 2 diabetes, and 
related disorders by administration of a PDEIOA inhibitor. Such PDEIOA inhibitors may be 
administered in conjunction with alpha-glucosidase inhibitors, insulin sensitizers, insulin 
secretagogues, hepatic glucose output lowering compounds, p-3 agonist, or insulin. Such PDEIOA 
inhibitors may also be administeied in conjunction with body weight reducing agents. Further 
methods of the invention relate to stimulating insulin release fiom pancreatic cells, particularly in 
response to an elevation in blood glucose concentration, by administration of a POEIOA inhibitor. 
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